Summary. i. The distribution of histamine was determined in tissues of the digestive tract of man, dog, pig, cow, and sheep, especially in the oral mucosa, stomach, gallbladder, and pancreas.
amine were fixed for 24 hours with 4 ~ basic lead acetate. Then they were embedded in paraffin; 10 tz sections were stained for 30 rain with a 0.5 ~ toluidine blue solution at pH 4.0 and mounted in Entellan. For the characterization of the "typical" or, "atypical" mast cells, the same sections or those following immediately on the paraffin block (5 ~ thickness) were stained for 30--45 sec or 10 rain with 0.1 ~ toluidine blue solution at pH 0.3, 0.5, 1.5 and 4.0, according to the method of EN]~Si~CK (1966b). The gastric mncosa was cut vertically to its surface. In each section the number of mast cells was counted in 25 fields of nearly I mm ~ each. 2-3 sections in layers of different depth were examined in each specimen of tissue. Also, cells degranulated to a large extent by the treatment of 48/80 were counted. The density of mast cells is expressed as the number of cells/25 fields (averages of 2--3 sections).
Results

Histamine Content o/Di//erent Tissues in the Alimentary Tract o/Man, Dog and other Mammals
In the digestive tract of the dog, the highest histamine concentrations were found in the stomach, duodenum, and palatine tonsils, the lowest in the pancreas, thyroid gland, gallbladder, and mucos~ of the hard palate and vestibulum oris (Table 1 ). In the oral mueosa the histamine N ~ 5--9 animals. The mucosa of the vestibulum oris was removed from the cheeks. 6* W. LOrEnz, A. SC~UE~, ST. HEITLAND, l~. CALVOEI~, and E. WERLE: content increased from oral to aboral. The highest histamine concentrations were found in the soft palate and pharynx (Table 1) . Since we obtained the same results in man (Table 2) , it seems possible that histamine plays a role in the genesis of the inflammatory or allergic oedema of this region (glottic oedema). a N = 4 (number of human beings tested). -13.4 N = number of animals tested.
The histamine concentration of the pancreas and gallbladder varied from one species to another (Table 3) . The highest histamine content of the pancreas was found in that of sheep, the lowest in dogs and pigs. The very low density of mast cells in the pancreas of the dog (Anvu and QcIvY, 1955a) can explain this finding. A very high histamine concentration was discovered in the gallbladder of the pig. It could be possible that histamine plays a role in the etiology of biliary dyskinesia. • 5 animals tested. Strips of the mucosa and musculature were obtained by dissecting the stomach in 7 equal, 3--4 cm large pieces along the circular musculature. The mncosa was separated from the musculature (controlled by microscopy). Correlation between the histamine content of mucosa and musculature: r = 0,77; p < 0.05.
[] musculature; [] mucosa
Distribution o] Histamine in the Tongue, Stomach and Pancreas
Histamine is not uniformly distributed in tongue of dogs. In the mucosa the concentration increased from the tip to the root, in the muscular tissue from the root to the tip (Fig. 1) , corresponding to the change of the mast cell density (Table 8) . In the gastric mucosa of the dog the highest histamine concentrations were found in the fundus and body, the lowest in the antrum (Fig.2) . Also in man, monkey, pig and cow (Fig. 3) , the highest histamine content was measured in those regions of the gastric mucosa, showing the highest density of the acid forming parietal cells (ELLENBI~RGEI~ and BAud, 1912) . Only in the rennet-bag of the cow, the histamine concentration strongly increased immediately at the pylorus, where parietal cells were very seldom (LORENZ and PFLV, GER, 1968d) . The meaning of this interesting finding is not known, but it may be possible, that histamine in some species plays a role in the sphincter mechanism of the pylorus.
The muscularis propria and serosa of the dog's stomach showed only 48 :J: 8~ of the histamine concentration of the mucosa, in the body 580/0 (Fig. 2) . Whether this higher histamine content of the body muscularis has any influence on the blood flow in this region, is not known. But a parallelism could be demonstrated between the histamine content of the mucosa and that of the muscularis propria, not only in dogs (Fig. 2) , but also in men and pigs (Fig. 3) , whereas this correlation could not be shown in monkeys and cows. The histamine concentration of the muscularis propria was 18 + 1 ~ of that of the mucosa in men, 28 ~= 3 in pigs, 52 =L 21 in cows and 55 • 8 in monkeys (Fig. 3) . Therefore, the histamine content of the gastric muscularis propria was relatively high in monkeys, cows and dogs and low in men and pigs.
In the pancreas of dogs, cows and calves, histamine was uniformly distributed. If the two limbs of the dog's pancreas (canda and caput pancreatis) were divided in 3 equal parts, the following histamine concentrations were found as mean values of 6 animals (beginning at the end of the cauda ~ left limb): 4.1 ~_ 1.1; 4.1 ~= 0.8; 4.3 =9 0.5; 4.4 :c 1.2; 4.3 ~: 1.0; 4.8 :~ 1.4 (~g/g).
Histamine Concentrations in Tissues o/the Digestive Tract o/Dogs alter Treatment with 48/80
In the tongue of dogs, histamine was released by compound 48/80 to about 50--600/0 (Table 4) . No significant difference existed between the mucosa and the musculature. However, similar to the histamine concentration, the histamine release by 48/80 was not equal in all parts of the mucosa, whereas it showed only insignificant variations in the musculature (Table 4) . Contrary to the histamine content, the histamine release by 48/80 decreased in the mucosa from the tip to the root of the tongue (73 • 14% in the first strip, 35 • 24% in the fourth strip, p < 0.02). ~_ s~. 5 pairs of animals were tested. The pharynx up to the division of the trachea, the trachea up to the cardia.
upper oesophagus reaches from the lower part from the division of the In the mucosa and the submueosa of the/renulum linguae and the so/t palate, about 350/0 of histamine was released (Table 5) , which was less than in the tongue. No histamine release could be shown in the mucosa and the submucosa of the vestibulum otis and the hard palate, which contained relatively much solid connective tissue, and in the walls of the pharynx (Table 5 ). In the regions of collum and thorax a significant histamine release could be demonstrated only in the thyroid gland (Table 5) , which was similar to that of the tongue. No significant change of the histamine content could be observed in the thymus and lymph node, since the histamine values showed considerable variations in treated and untreated dogs.
Furthermore, no histamine release by 48/80 could be shown in the upper and lower parts of the oesophagus and in different parts of the mucosa and musculature of the stomach (Table 6) . On the contrary, the histamine concentration increased in the mucosa and musculature, but the difference between treated and untreated animals was of no statistical significance. Furthermore, no histamine release could be observed in the pancreas after i.m. injection of 48/80 in dogs. 
Correlation between the Histamine Content and the Mast Cell Density in Tissues o/the Dog
The highest mast cell density of all dog tissues was found in the gastric mucosa, the lowest in the submaxillary gland (Table 7) . A highly significant correlation between the mast cell density and the histamine concentration of the tissues could be demonstrated (Fig.4) . Since the regression line passed through the origin, nearly all histamine in these tissues seemed to be localized in mast cells. Only in the submaxillary gland, about 40~ of the amine was non-mast cell histamine, as previously shown (Lon]+~z et al., 1968 c) . Therefore, the histamine value of the submaxillary gland in Fig. 4 was corrected for mast cell histamine.
After treatment with 48/80, a parallel decrease of the histamine concentration and the mast cell density could be demonstrated in different parts of the mucosa and musculature of the tongue and in the so/t palate (Table 8 ). The remaining histamine concentrations and mast cell densities in the tongue showed a correlation, the regression line of which passed through the origin (Fig.5a ). These findings support the statement that nearly all histamine of those tissues was localized in mast cells. Mast cell density given in number of cells/25 fields ~ number of cells/ram 2. N = number of tests. In the gastric mucosa and musculature one piece of tissue was removed from the fundus, body and antrum, in the tongue from strip 1, 3 and 5 according to Fig. i .
In the gastric mucosa and musculature of the fuudus and body, we found a decrease of the mast cell density after treatment with 48/80, which was significant only in the mucosa of the fundus (Table 8) , and ~= se. 5 pairs of animals tested. The changes of the histamine content and mast cell density are given in + per cent, the tissue pieces were named according to Fig. 1 and 2 .
Significance: tongue: In all cases p < 0.001, in a p < 0.01. Soft palate: p < 0.02. Stomach: With the exception of the number of mast cells in the mueosa of fundus 1 (p < 0.025) no significant changes.
an insignificant increase in the antrum. Contrary to these changes of the mast cell density, the histamine concentration of the gastric mueosa and musculature remained by far constant (Table 8 , see above). Since the change of the mast cell density was relatively small, a significant correlation between the histamine content and the mast cell density before and after treatment with 48/80 could be shown in different parts of the stomach as well as in the tongue (Fig. 5b) . These findings indicated that nearly all histamine in the stomach was localized in mast cells. But the decrease of the number of m~st cell needs further explanation (see below). 
Characterization o/the Mast Cells in the Tongue and the Stomach by Staining with Toluidine blue at Di/]erent pH Values
The mast cells of the gastric mucosa, duodenum and ileum of the rat could be differentiated from those of other tissues (RILEY, 1959; SC~AU~I~, 1964) : They were strongly resistant to 48/80 and stained by 0.1 ~ toluidine blue at pH 4.0, but not at pH 0.3. ENEI~Bi4CK (1966a--d) called these cells "atypical mast cells". Since the mast cells of some tissues of the dog were resistant to 48/80, we examined the staining behaviour of these cells with 0.1~ toluidine blue at pit 4.0; 1.5; 0.5 and 0.3. In all parts of the musculature of the tongue (according to Fig. 1 ) no difference could be fond in the mast cell density at different pH-values before and after treatment with 48/80. In the mueosa, this was only the case in the tip and body of the tongue, but not in the root, where about 400/0 of the mast cells disappeared at pI-I 0.3. Therefore, the mast cells of the tongue seemed to be typical mast cells, with the exception of 40~ in the mucosa of the radix linguae, which were atypical mast cells. In the gastric mucosa and musculature of fundus, body and antrum of untreated dogs, only 39~ of the mast cells could be stained with 0.1 ~ tolnidine blue at pit 1,5, and only 18~ at pI-I 0.3 (for example see Fig. 6a, b) . In dogs treated with 48/80, practically no mast cells could be shown in the gastric mucosa at pH 0.3. Thus about 20~ of the mast cells of the gastric mucosa seemed to be typical mast cells by their staining properties and their sensitivity towards 48/80 (see above) and 80~ seemed to be ,,atypical" mast cells. Indeed, the mast ceils of the gastric mucosa were much smaller than those in the musculature of the tongue. The increase of the histamine content and the mast cell density in the antrum mucosa after 48/80 was somewhat surprising, but EI~EI~B;dCK (1966C) obtained the same results in the duodenum of rats after the treatment with 48/80.
In the stomach of the rat, the typical mast cells had been found only in the submucosa, while all mucosal mast ceils were "atypical" (AuRws et al., 1968) . In the dog's stomach too, the "typical" mast cells occurred only in the basal layers of the mucosa and in the submucosa. This could be shown by staining of the sections with 0.1 ~ toluidine blue at pH 0.3, and by a reduction of the mast cell density after treatment of the animal with 48/80 (Table 9 ). In the upper two thirds of the corpus mucosa the number of mast cells/ram 2 was the same as in the basal third and in the submucosa. Contrary to that, in the fundic mucosa it was in the upper layers about 25~ higher than in the basal layers and in the submucosa. In dogs treated with 48/80, this difference was statistically significant (p < 0.05).
Histamine Content of the Single Mast Cell in Normal Dogs and Those Treated with 48/80
The histamine content of the single mast cell has been calculated from the histamine concentration per g tissue and the number of mast cells per cm a. It was 3.2 ~= 0.9 pg (1.4--7.1) in the tongue, 3.3 =~ 0.7 pg (1.6--14.1) in the stomach, 4.8:~1.4 pg (2.0--8.4) in the soft palate and 3.4 ~ 0.9 (1.5--6.7) in the submaxillary gland. The mean content of at all iavestigated was 3.7 • 0.8 pg. For comparison, the values found by other investigators are given: 1.14 10g in the eat skin (RILEY, 1959) , i0--15 pg in the mesentery of the rat (Uv~is and THO~, 1966), 1 pg in the basophile granulocyte (vA~ AlCSDEL and B]~AY, 1961), 6.7--15.6 pg in different tissues of the dog (GRAHA~ et al., 1955) , 18 and 24 pg in the liver capsule of calves and oxes (R~LEY, 1959) , 25--34 pg in different tissues of the guinea-pig (Boo,us and CHAK~AVA~TY, 1960) .
The histamine content of the single mast cell was nearly the same in all tissues studied in. the dog. Only the mast cells of the fundic mucosa showed a histamine concentration which was about 50o/0 lower than that of the body mucosa (p ~ 0.01) and that of the other tissues examined (Table 10 , cf. Fig.5b ). Since the animals were starved 12 hours before death, an influence of feeding could not explain these findings. But after treatment of the dogs with 48/80, the histamine content of the mast ceils of the fundic mucosa increased to about 85 ~ and was now similar to that of the other tissues. Also, the histamine concentration of the mast cells of the body mucosa increased to about 55~ and reached values which were the highest of all mast cells in the dog as far as investigated (Table 10) . t~urthermore, a small, not significant increase in the histamine content of the single mast cell could be observed in. the musculature of the fundus and body after application of 48/80 (Table 10 ). In the other tissues the histamine content of the mast cells remained unchanged. Since it is known, that the "atypical" mast cells can store monoamines (EN~BXCX, 1966 d) , it seems probable that the increase of the histamine content of the single mast cell in the fundus and body is due to an uptake and storage of histamine released from typical mast cells in the whole body by 48/80. An uptake of exogenous histamine by the gastric mucosa of dogs has been described (CODE, 1965) . Contrary to the "atypical" mast ceils, the typical mast cells cannot take up and store exogenous histamine (Sc~AYER, 1956) .
Discussion
The studies on a possible physiological rSle of histamine in the digestive tract were focussed on the stimulation of gastric secretion (CODE, 1966 ; Lon~z and PFLEGER, 1968 d) . But histamine has probably some other physiological functions in the alimentary tract, too.
For instance, a mediator r61e of this amine was discussed in the detoxieation mechanisms of the Waldeyer's tonsillar ring by the enhancement of the permeability for different toxins (GAsTP~I~ and LORENZ, 1968) . Specific histidine decarboxylase and diamine oxidase were demonstrated in the tonsils (G~sTPA~ and LORENZ, 1968) . The induction of the histidine decarboxylase by the toxins could play a rSle in the focal infection, since the "induced" histamine (Sc~AYER, 1966) would enhance the permeability not only in the direction from the blood into the lympoid tissue, but also from this tissue into the blood-stream (GAsTPA~ and LOR]~z, 1968).
Distribution and metabolism of histamine in the pancreas have been studied only in the rat (ER~GE~ et a[., 1968; LORENZ eta[., 1968a) . A release of histamine into the pancreatic juice of dogs during secretion could be shown by Lo~z et al. (1968 b) . But, contrary to the submaxillary and parotid glands (LORENZ and Pgr,v, oER, 1968d; LORENZ and Wv,~LE, 1969a) , the pancreatic secretion induced by histamine and secretin could not be inhibited by several antihistaminic drugs (LORENZ et al., in preparation) . Since even high doses of antihistiminics with a strong cholinolytic action (promethazine and piprinhydrinate) were ineffective after injection into the A. panereaticoduodenalis, the conclusion was that these drugs could penetrate only in small amounts into the pancreatic tissue (LORENZ, 1969) . Further studies are necessary to elucidate the function of histamine in this gland.
In all studies on the possible physiological function of histamine, the cellular localization of this amine plays an important r61e. Different methods of solving this problem should be combined, since no biochemical or histoehemical assay by its own is able to characterize the histamine stores qualitatively and quantitatively with a complete reliability. The fluorescence microscopical techniques seem to have two sources of error: These methods suffer from a limited sensitivity, and tissue components, like guanidines and thioimidazoles, could inhibit the formation of the complex between o-phthalaldehyde and histamine (LoR]~NZ et al., 1968e) . The following procedures were chiefly used: Determination of the correlation between the histamine content and the mast cell density (I~Eu and Wv. ST, 1953) ; estimation of the histamine release by typical liberators, like 48/80 (mast cell histamine) or reserpine (non-mast cell histamine) (M~cIxTos~ and PATEN, 1949; BROnIE et al., 1966); histochemical (Sc~IY~.R and WEnLE, 1959) and fluorescence microscopical demonstration of histamine (Ju~rg and S~LLEY, 1966; T~U~BERO, 1967; H~K,tNSON et al., 1967 H~K,tNSON et al., , 1967 ; histochemical characterization of the mast cell type (E~ERB~-eK, 1966 a to d). Other methods, which are not so often used, should be mentioned: Autoradiography after application of laC-histamine (WEI~S~ELBAU~ and FEI~OVSON, 1966) , the fractionating of cells of the blood (CODE, 1937; M~mD, 1940) , and of cell particles of the tissues (MoTA et al., 1954; SNu et al., 1966; KATAOKA and DE ROBERTXS, 1967) .
Since the cellular localization of histamine in the gastric mueosa and the musculature of the tongue has been studied with the aid of the four methods chiefly used (F~LDB~RG and TA~,]~SNI~, 1953; LORENZ and P~LWG~, 1968d; Av~s et al., 1968 ; and this paper) complete evidence is presented, that histamine in gastric mueosa (fundus and body) is localized to about 800/o in "atypical" and to about 200/o in "typical" mast cells and in the musculature of the tongue to about 100~ in typical mast ceils. In all of the other tissues of the dog further studies seem to be necessary, especially by the fluorescence microscopy.
B~oa)IE et al. (1966) differentiated two types of histamine stores, mas~ cell and non-mast cell store. Histamine can be released from the mast cell store by the compound 48/80 and from the non-mast cell store by reserpine and by parasympathetic stimuli. Since the "atypical" mast cells with properties of the non-mast cell stores (ENa~BXC]~, 1966d) have been discovered, this classification seems to be questionable. According to the morphology and the functional significance we would prefer the terms "unspecific mast cell" stores and "tissue specific" stores. The former are found in all tissues, the latter only in one or few tissues. The former are localized only in mast cells, the latter in "atypical" mast cells, entero-and E. W~L~: ehromaffin and enterochromaffiniike cells (HAKANSO~ etal., 1967 (HAKANSO~ etal., , 1967a , nerve endings (S~DW~ et al., 1966; KAT~OKA and DE RO~E~T~S, 1967) or in a new cell system in the pancreas and hypophysis (EHIN~E~ et al., 1968) . The former may have a similar function in all tissues, like regulation of the blood flow, the latter seem to have a specific function, like stimulation of the gastric or salivary secretion (LoR~,~z et al., 1968b) .
